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Summary Five consecutive patients (mean age: 40.4 yrs (range, 19—58 yrs)), with symp-
tomatic distal radius malunion underwent corrective opening wedge osteotomy using phosphate
cement as an alternative to bone autograft, at a mean 9 months (4—16mo) of fracture. Inter-
nal ﬁxation used a plate placed just above the distal radioulnar joint, with soft-tissue release.
Radiographic and functional parameters were measured before surgery, and at 6 months and
1 year. At a mean 32.4 months (range, 16—47mo), all patients were satisﬁed and all the
osteotomies were united. At 1 year’s follow-up, wrist range of motion reached 75% compared to
the contralateral side. Two biopsies performed during plate removal showed osteoid tissue at
the cement—bone junction. It is reasonable to consider injectable phosphate cement as a viable
alternative to bone grafting in conjunction with surgical correction of distal radius malunion.
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ntreated extra-articular distal radius malunion is liable to
ause adaptive instability in the carpus of patients hav-
ng a high level of functional demand [1]. Voche et al. [2]
eviewed treatment options. In opening wedge osteotomy,
he resultant defect is classically corrected by cortico-
ancellous iliac graft, the cortical component playing the
tructural role and the cancellous bone it contains fulﬁlling
he biological function. The type of osteosynthesis and the
mmobilization time are at the surgeon’s discretion [2—4].
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ecently, Luchetti [5] demonstrated that correction could
se injectable phosphate cement: union did not pose a prob-
em in this metaphyseal location, iliac graft morbidity was
voided and the substitute showed better mechanical prop-
rties than did cancellous bone.
We here report ﬁve cases of extra-articular distal radius
alunion, corrected using injectable phosphate cement,
ith the ﬁrst published histological analysis performed on
emoval of the material.echnique [3] (Fig. 1)
reatment comprised opening wedge osteotomy with the
efect corrected by an injectable substitute (JectOS®) and
served.
Extra-articular distal radius malunion: The phosphate cement alternative 575
t, wi
teri
stitu
i
p
1
s
(
w
R
l
w
t
w
(
t
m
i
t
t
p
r
iFigure 1 CT scan, dorsal tilt of radius. Peroperative aspec
Posterior cortical osteoclasia was performed, respecting the an
injection under image ampliﬁcation. Peroperative aspect of sub
plate osteosynthesis. In all cases, the approach was on the
same side as the opening. Osteotomy was followed by 3.5
non-locking screw titanium plate osteotomy, without rup-
ture of the facing cortex but with osteoclasia at the side
of the osteotomy. The defect was then ﬁlled with JectOS®
cement, at end of surgery, under image intensiﬁcation,
3—5min after blending, so as to obtain a paste thick enough
not to run forwards, while respecting the anterior cortex, or
into surrounding soft tissue. Lateral release of the brachio-
radial muscle and medial release of interosseous membrane
were required to mobilize the radial epiphysis and enable
good correction. Closure was performed on a drain with
intradermal continuous suture on the skin.
Phosphate cement
Arexbone® or JectOS® (Arexbone), produced by Kasios (Lau-
naguet, France), is a phosphate cement made of dicalcium
phosphate dihydrate. The cement is obtained by blending a
liquid and a solid (powder) phase with an acid base reac-
tion. The solid phase comprises beta-tricalcium phosphate
(> 97%) and sodium pyrophosphate, and the liquid phase 4M
orthophosphoric acid 0.1M sulfuric acid. The powder—liquid
mix is blended for 1min; depending on the room tempera-
ture, approximately 4min further thickening is required for
injection. Hardening time is 9—10min (at 23 ◦C): harden-
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Figure 2 Comparison at 1.5 and 12 months on AP, ‘‘false’’ lateral
has changed in aspect at 12 months, with gradual decrease in the am
cement—bone interface composed of blood; this does not prove pat
bone.th dorsal approach and posterior opening wedge osteotomy.
or cortex. Positioning of posterior plate, then bone substitute
te while setting. Postoperative X-ray aspect.
ng kinetics is highly temperature-sensitive. The resultant
orosity is 40%, with a mean < 5m pore size. Resistance on
2/10mm test-tube compression is 37MPa (at ground pres-
ure), with a Young’s modulus of 900MPa. X-ray assessment
Fig. 2) monitored progressive resorption of the substitute,
hich was never found to be complete during follow-up.
adiolucency was observed in four cases, but was not patho-
ogical. In the two cases with the longest follow-up, there
as slight and very progressive disappearance of the substi-
ute. There were no cases of correction loss. Two biopsies
ere performed at removal of the material at 6 months
patients BO and DA): in both cases, histology found that
he JectOS® cement had been replaced by bone (Fig. 3). Bio-
aterial particles were either in contact with or had been
ncluded in poorly vascularized and poorly cellularized scar
issue, or else (in most cross-sections analyzed) bone tissue
he maturity of which varied according to location. In some
laces, the bone tissue showed an osteoid aspect. Biomate-
ial included in bone or conjunctive tissue seemed not to be
n contact with polynuclear giant cells.atients (Tables 1 and 2)
ive symptomatic patients, mean age 40.4 years (range,
9—58), were treated at a mean interval of 9 months (4—16
onths) from initial fracture, and assessed prospectively by
and 3/4 views: radiolucency seen at 1 month on all three views
ount of substitute. The postoperative radiolucency is due to a
hologic and seems not to hinder replacement of substitute by
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Table 1 Preoperative data.
Patient - age Type of
malunion
Cause Interval from
fracture (months)
Pre-op ﬂex
/ext (◦)
Pre-op pro
/sup (◦)
Pre-op frontal
slope
Pre-op
sagittal slope
Pre-op ulnar
variance
CU - 53 Palmar tilt Defective conservative
management
8 60 100 16 16 0
DA - 22 Dorsal tilt Defective conservative
management
12 100 120 12 −14 0
Da - 58 Dorsal tilt Ext. ﬁxator only 4 40 60 0 −26 −8
MA - 19 Dorsal tilt Defective conservative
management
16 80 100 20 −14 0
BO - 50 Palmar tilt Insufﬁcient K-wire
ﬁxation
6 38 70 26 20 −6
Table 2 Postoperative data.
Patient - age FU (mo) Flex/Ext 6mo FU Pro/Sup 6mo FU Wrist force 6mo FU Frontal slope 6 m FU Sagittal slope 6mo FU Ulnar variance 6mo FU
CU - 53 26 62◦ (56%) 140◦ (84%) 20 KgF (58%) 20 10 0
DA - 22 37 120◦ (86%) 160◦ (94%) 44 KgF (97%) 14 6 0
Da - 58 36 52◦ (61%) 126◦ (94%) 28 KgF (76%) 14 8 0
MA - 19 16 116◦ (84%) 160◦ (94%) 44 KgF (74%) 20 10 0
BO -50 47 68◦ (54%) 140◦ (87%) 23 KgF (68%) 20 14 0
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RFigure 3 Histologic aspect of a bone fragment at the junction
between bone and remaining substitute.
an independent operator. In three cases, malunion showed
dorsal tilt and in two cases palmar tilt. In all cases, there had
been technical error in fracture management. Mean follow-
upwas 32.4months (16—47). No complications related to the
injectable cement were observed. One patient presenting
with reﬂex sympathetic dystrophy secondary to the fracture
required arthrolysis at 4 months postosteotomy, and con-
served 54% motion as compared to the contralateral side.
In the other four patients, ﬂexion—extension ROM recov-
ery reached 71% as compared to the contralateral side. All
ﬁve patients recovered pronosupination, to a mean 80% as
compared to the contralateral side. Force recovered in all
patients as of month 3, reaching a mean 74% as compared
to the contralateral side at 6 months.
Commentary
Luchetti [5] reported six cases of malunion managed by
opening wedge osteotomy, K-wire and osteotomy defect
correction by Norian® phosphate cement. There were no
cement-related complications, and he reported complete
integration, with bone replacing cement over time, at a
minimum 22 months’ FU. Abramo et al. [6] managed a con-
tinuous prospective series of 25 cases of malunion with
dorsal tilt by opening wedge osteotomy, with ﬁxation by
the Trimed® system plus Norian®. At a minimum 1 year’s
FU, patients showed improved function, a 13-point gain in
DASH and 20◦ gain in ﬂexion—extension and pronosupina-
tion; there was no correction loss; only one case failed
to show union. The authors state that not having recourse
to grafting meant that patients could be managed on an
ambulatory basis. Kruckhaug and Hove [7] encounteredmore
complications, using grafts: in a continuous prospective
series of 33 cases, graft lysis required a second look in ﬁve
patients. Regarding the inconveniences of grafts, Zyluk and
Niedz´wiedz´ [8], in a prospective study of 25 cases, reported
that, in all ﬁve cases using allograft, the graft showed
resorption; he implicated K-wire ﬁxation and allograft lysis
as causes of failure. Lozano-Calderón reported six cases of
malunion in patients aged more than 60 years, managed by
locking plate and Norian® without loss of correction in osteo-ternative 577
orotic subjects [9]. The positioning of a corticocancellous
raft is not always as anatomical as the surgeon might wish:
hen it is positioned in the opening wedge osteotomy, there
s a risk of the radius adapting to the graft. Such metaphyseal
ocations do not necessarily require the biological properties
f autografts. Finally, as Gupta [10] points out, corticocan-
ellous iliac graft harvesting entails a certain morbidity:
is meta-analysis found a 31% complications rate at the
arvesting site. The injectability of bone substitute gives
erfect adaptation to the defect. JectOS® shows resistance
n compression that is equal to or better than that of cancel-
ous bone. Humid environment tests, closer to peroperative
eality, are needed. Disappearance of the cement is not to
e expected before 4—6 years, at best, and will be dose-
ependent, replacement being centripetal. The essential
recaution is to have a paste thickness compatible with
njection at the moment of surgery, without risk of leakage
nto soft tissue.
onclusion
njectable phosphate cement is a logical option in extra-
rticular distal radius malunion in patients with a high
egree of functional demand to correct the opening wedge
steotomy defect. It is merely a means of ﬁlling the defect,
nd replaces only the corticocancellous graft, avoiding
atrogenic effects at the harvesting site and the need for
eneral anesthesia, but in no way replaces rigid ﬁxation. It is
ssential to be fully cognizant of the mechanical properties
f the injectable substitute being used. It is deployed in the
nal stage of the procedure, after ﬁxation of the correction,
nd should be performed under image intensiﬁcation.
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